BOOST CIRCUIT WITH A VOLTAGE DETECTOR 
DESCRIPTION 



Background of Invention 

[Para 1] 1 . Field of the Invention 

[Para 2] The present invention relates to a boost circuit, and more 
particularly, to a boost circuit with a voltage detector. 

[Para 3] 2. Description of the Prior Art 

[Para 4] Please refer to Fig.1 , which is a circuit diagram of a boost circuit 1 0 
according to the prior art. The boost circuit 1 0 comprises a first PMOS 
transistor 1 2, a second PMOS transistor 1 6, a main transistor 1 4, and a level 
shift circuit 1 8. The boost circuit 1 0 is capable of boosting a three-volt 
reference voltage Vdd into a five-volt output voltage Vout, which is needed for 
word lines applied in a fresh memory. 

[Para 5] Of the boost circuit 1 0, the main transistor 1 4 is implemented to 
serve as a capacitor, the first PMOS transistor 1 2, along with the second PMOS 
transistor 16, which is controlled by the level shift circuit 18, is implemented 
to pre-charge the main transistor 14, and the level shift circuit 1 8 is 
implemented to selectively output an output voltage Vout to the second PMOS 
transistor 16 according to a switch voltage Vsw. For example, if the switch 
voltage Vsw is a logic high voltage, as shown in Fig. 2, the level shift circuit 1 8 
outputs the output voltage Vout to the second PMOS transistor 1 6 (a control 
voltage Vc output from the level shift circuit 1 8 is the output voltage Vout) to 
turn off the second PMOS transistor 16. On the contrary, if the switch voltage 
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Vsw is a logic low voltage, the level shift circuit 1 8 outputs a zero-volt voltage, 
instead of the output voltage Vout, to the second PMOS transistor 1 6 (the 
control voltage Vc output from the level shift circuit 1 8 is the zero-volt voltage) 
to turn on the second PMOS transistor 1 6. 

[Para 6] The operation of the boost circuit 1 0 is described as follows in brief: 
When the switch voltage Vsw, which controls the level shift circuit 1 8, is equal 
to the logic low voltage and a kick voltage Vkkk, which is implemented to 
control the main transistor 14, is equal to the zero-volt voltage, as shown in 
Fig. 2, the second PMOS transistor 1 6 is turned on and the boost circuit 1 0 is 
operating on a pre-charge state; When the switch voltage Vsw is equal to the 
logic high voltage and the kick voltage Vkkk is equal to a reference voltage Vdd, 
the second PMOS transistor 16 is turned off and the boost circuit 10 is 
operating on a boost state. In order to insure that charges previously flowed 
into the main transistor 14 (serving as a capacitor) during the pre-charge state 
will not flow through the second PMOS transistor 16 to a region outside of the 
main transistor 14 when the boost circuit 10 is operating on the boost state, 
the switch voltage Vsw is designed to have a rising edge slightly ahead of that 
of the kick voltage Vkkk, so as to turn off the second PMOS transistor 1 6 before 
the boost circuit 1 0 is switched to operate from the per-charge state to the 
boost state. 

[Para 7] Since a PMOS transistor has low carrier mobility, in order to improve 
the charging efficiency to charging the main transistor 14, the first PMOS 
transistor 1 2, and the second PMOS transistor 1 6 as well, usually has to 
occupy a large area. However, the bulky PMOS transistor 1 2 not only increases 
the cost of the boost circuit 1 6, a body effect coming along with the bulky 
PMOS transistor 1 2 also increases a threshold voltage and accordingly 
decreases the operation efficiency of the boost circuit 1 0. 
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[Para 8] Moreover, during a process that the boost circuit 1 0 outputs 

the output voltage Vout, if the reference voltage Vdd is higher than a 
predetermined voltage, the boost circuit 1 0 is likely to output too high a 
output voltage Vout, which has a big chance to make a severe impact on or even 
completely damages a circuit supplied by the output voltage Vout. 



Summary of Invention 

[Para 9] It is therefore a primary objective of the claimed invention to 

provide a boost circuit with a voltage detector, so as to overcome the 
drawbacks of the prior art. 

[Para 1 0] According to the claimed invention, the boost circuit is capable of 
boosting a reference voltage into an output voltage, and the boost circuit 
includes a main transistor electrically connected to the output voltage, an 
auxiliary transistor electrically connected to the output voltage, a pre-charge 
circuit electrically connected to the main transistor and the auxiliary transistor 
for pre-charging the main transistor and the auxiliary transistor, and a voltage 
detector electrically connected to the auxiliary transistor and the reference 
voltage for controlling the auxiliary transistor according to the reference 
voltage. 

[Para 1 1 ] According to the preferred embodiment, the pre-charge circuit 
includes a first PMOS transistor, a second PMOS transistor, and a level shift 
circuit electrically connected to the second PMOS transistor and the output 
voltage for transferring the output voltage to the second PMOS transistor 
according to a switch voltage. 

[Para 1 2] According to a second embodiment, the boost circuit further 
includes a re-charge module electrically connected to the main transistor for 
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re-charging the main transistor. The re-charge module includes a stable 
transistor, a main re-charge transistor for re-charging the main transistor 
according to a voltage level of the stable transistor, and a stable re-charge 
transistor for re-charging the stable transistor according to a voltage level of 
the main transistor. 

[Para 1 3] The voltage detector of the boost circuit disables the auxiliary 
transistor when detecting that the reference voltage is higher than a 
predetermined voltage, so that the boost circuit will not output too high an 
output voltage, and the output voltage output from the boost circuit will not 
damage a circuit supplied by the output voltage. 

[Para 14] These and other objectives of the present invention will no doubt 
become obvious to those of ordinary skill in the art after reading the following 
detailed description of the preferred embodiment that is illustrated in the 
various figures and drawings. 



Brief Description of Drawings 

[Para 1 5] Fig.1 is a circuit diagram of a boost circuit according to the prior 
art. 

[Para 1 6] Fig. 2 is a waveform diagram showing a switch voltage Vsw, a kick 
voltage Vkkk, and an output voltage Vout in the boost circuit shown in Fig.l 
according to the prior art. 

[Para 1 7] Fig. 3 is a circuit diagram of a boost circuit of the preferred 
embodiment according to the present invention. 

[Para 1 8] Fig. 4 is a waveform diagram showing a reference voltage Vdd and 
an output voltage Vout in the boost circuit shown in Fig. 3 according to the 
present invention. 
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[Para 1 9] Fig. 5 is a circuit diagram of a boost circuit of a second embodiment 
according to tlie present invention. 

[Para 20] Fig. 6 is a waveform diagram sliowing a main l<icl< voltage VKMAIN in 
tlie boost circuit sPiown in Fig. 5 according to tFie present invention. 

[Para 21] Fig. 7 is a waveform diagram sliowing a stable kick voltage VKICKB in 
tlie boost circuit shown in Fig. 5 according to the present invention. 

[Para 22] Fig. 8 is a waveform diagram showing a switch voltage Vsw, a kick 
voltage Vkick, and an output voltage Vout in the boost circuit shown in Fig. 5 
according to the present invention. 



Detailed Description 

[Para 23] Please refer to Fig. 3, which is a circuit diagram of a boost circuit 50 
of the preferred embodiment according to the present invention. The boost 
circuit 50 comprises a first PMOS transistor 52, a second PMOS transistor 54, a 
level shift circuit 56 electrically connected to the second PMOS transistor 54, a 
main transistor 58, an auxiliary transistor 68, and a voltage detector 60 
electrically connected to the main transistor 58 and the auxiliary transistor 68. 
The main transistor 58, and the auxiliary transistor 68 as well, can be a triple- 
welled NMOS, whose tripled well is grounded. 

[Para 24] The voltage detector 60 in implemented to detect if the reference 
voltage Vdd is higher than the predetermined voltage, and to output a main 
kick voltage VKMAIN and an auxiliary kick voltage VKAUX to control the main 
transistor 58 and the auxiliary transistor 68 respectively. In detail, when 
detecting that the reference voltage Vdd is still lower than the predetermined 
voltage, the voltage detector 60 outputs the main kick voltage VKMAIN and the 
auxiliary kick voltage VKAUX, both of which are equal to the kick voltage Vkick; 
On the contrary, when detecting that the reference voltage Vdd is higher than 
the predetermined voltage, the voltage detector 60 outputs the main kick 



Page 5 of 1 9 



voltage VKMAIN, which is still equal to the kick voltage Vkick, and the auxiliary 
kick voltage VKAUX, which is equal to the zero volt voltage; In summary, as 
long as the reference voltage Vdd is higher than the predetermined voltage, 
the auxiliary kick voltage VKAUX output from the voltage detector 60 is equal 
to the zero volt voltage, which disables the auxiliary transistor 68, no matter 
what value the kick voltage Vkkk has. 

[Para 25] The operation of the boost circuit 50 is described as follows: (1 ) 
When the switch voltage Vsw to control the level shift circuit is equal to the 
logic low voltage, and the kick voltage Vkkk is equal to the zero volt voltage (at 
this moment, the main kick voltage VKMAIN, and the auxiliary kick voltage 
VKAUX as well, is equal to the zero volt voltage, whether the reference voltage 
Vdd is higher than the predetermined voltage or not), the second PMOS 
transistor 54 is turned on and the boost circuit 50 is operating on the pre- 
charge state; (2a) On the contrary, when the switch voltage Vsw is equal to the 
logic high voltage, the kick voltage Vkkk is equal to the reference voltage Vdd, 
and the reference voltage Vdd is still lower than the predetermined voltage, 
the second PMOS transistor 54 is turned off and the boost circuit 50 is 
operating on a full-boost state, when the main transistor 58 and the auxiliary 
transistor 68 are both enabled; (2b) When the switch voltage Vsw is equal to the 
logic high voltage, the kick voltage Vkkk is equal to the reference voltage Vdd, 
and the reference voltage Vdd is higher than the predetermined voltage, the 
second PMOS transistor 54 is still turned off, but the boost circuit 50 is 
switched to operate on a half-boost state, when the main transistor 58 is 
enabled, while the auxiliary transistor 68, which is controlled by the auxiliary 
kick voltage VKAUX, which is equal to zero volt voltage, is disabled. 

[Para 26] Of the boost circuit 50 shown in Fig. 3, the main transistor 58 is to 
connect with the kick voltage Vkkk indirectly via the voltage detector 60. 
However, of a boost circuit of the present invention, the main transistor 58 can 
be implemented to connect to the kick voltage Vkkk directly. In such a scenario, 
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the main transistor 58 is always enabled, whether the reference voltage Vdd is 
higher than the predetermined voltage or not. 

[Para 27] Please refer to Fig.4, which is a waveform diagram showing the 
reference voltage Vdd and an output voltage Vout in the boost circuit 50 
according to the present invention. When the reference voltage Vdd is still 
lower than the predetermined voltage, the output voltage Vout is increased 
gradually along a first curve Li. As soon as the voltage detector 60 detects that 
the reference voltage Vdd is higher than the predetermined voltage, the output 
voltage Vout is abruptly decreased and has a value decreased from a first 
voltage to a second voltage, which is smaller than the first voltage, and is 
increased gradually along a second curve Lz, whose slope is smaller than that 
of the first curve Li. Therefore, the boost circuit 50 will not output too high the 
output voltage Vout, even though the reference voltage Vdd is higher than the 
predetermined voltage, and the output voltage Vout output by the boost circuit 
50 will not make any damage on a circuit supplied by the output voltage Vout. 

[Para 28] Please refer to Fig. 5, which is a circuit diagram of a boost circuit 70 
of a second embodiment according to the present invention. In addition to the 
first PMOS transistor 52, the second PMOS transistor 54, the level shift circuit 
56, the main transistor 58, the auxiliary transistor 68, and the voltage detector 
60, the boost circuit 70 further comprises a stable transistor 78, a main re- 
charge transistor 72 for re-charging the main transistor 58 according to a 
voltage level of the stable transistor 78, and a stable re-charge transistor 74 
for re-charging the stable transistor 78 according to a voltage level of the 
main transistor 58. 

[Para 29] Of the boost circuit 70, the main transistor 58 is controlled by a 
main kick voltage VKMAIN, and the stable transistor 78 is controlled by a 
stable kick voltage VKICKB, which is contrary to the main kick voltage VKMAIN. 
The main kick voltage VKMAIN is shown in Fig. 6, and the stable kick voltage 
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VKICKB is shown in Fig. 7. In detail, when the main transistor 58 is boosting the 
output voltage Vout (a boost state shown in Fig. 6), not only the output voltage 
Vout is boosted, a voltage level on the main transistor 58 is also high enough to 
turn on the stable re-charge transistor 74, which has a capability to re-charge 
the stable transistor 78 and increase a voltage level on the stable transistor 78. 
Alternately, when the main transistor 58 is controlled by the main kick voltage 
VKMAIN to stop boosting the output voltage Vout (a re-charge state shown in 
Fig. 6), the stable kick voltage VKICKB, along with the voltage level on the 
stable transistor 78, is high enough to turn on the main re-charge transistor 
72, which has a capability to re-charge the main transistor 58. 

[Para 30] Of the second embodiment, since the main re-charge transistor 72, 
together with the stable transistor 78 and the stable re-charge transistor 74, 
has the capability to re-charge the main transistor 58, different from the level 
shift circuit 56(1 8) of the boost circuit 50(10), which is implemented to control 
the second PMOS transistor 54(1 6) and is controlled by the switch voltage Vsw 
to turn on or turn off the second PMOS transistor 54(16) alternatively, the level 
shift circuit 56 of the boost circuit 70 turns on the second PMOS transistor 54 
to pre-charge the main transistor 58 and the auxiliary transistor 68 as well 
during an initial period when the boost circuit 70 is not ready to output the 
output voltage Vout, as shown in Fig. 8, and turns off the second PMOS 
transistor 54 after the boost circuit 70 is outputting the output voltage Vout. 
Therefore, even occupying a small area and with a low charging efficiency, the 
first PMOS transistor 52, and the second PMOS transistor 54 as well, will not 
make any impact on the charging efficiency of the boost circuit 70. 

[Para 31] The boost circuit 70 shown in Fig. 7 further comprises a transistor 
80 electrically connected to the stable transistor 78 for removing residue 
charges on the stable transistor 78. 
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[Para 32] In contrast to the prior art, the present invention can provide a 
boost circuit including a first PIVIOS transistor, a second PMOS transistor, a 
main transistor, an auxiliary transistor, and a voltage detector, which is 
capable of detecting whether a reference voltage is higher than a 
predetermined voltage and disabling the auxiliary transistor when detecting 
that the reference voltage is higher than the predetermined voltage. Therefore, 
the boost circuit will not output too high an output voltage. According to the 
second embodiment, the boost circuit further includes a stable transistor, a 
main re-charge transistor, and a stable re-charge transistor for re-charging 
the main transistor when the boost circuit is boosting the reference voltage 
into the output voltage, so as to replace the first PMOS transistor and the 
second PMOS transistor as well. Therefore, even though the first PMOS 
transistor, and the second PMOS transistor as well, has only a small area, the 
first PMOS transistor and the second PMOS transistor will not make any impact 
on the charging efficiency of the boost circuit. 

[Para 33] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may be made while 
retaining the teachings of the invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and bounds of the appended 
claims. 
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